The current work is focused on the preparation and characterization of a new group of polysulfone-based organoclay nanocomposite as a promising breast anticancer agent. Polysulfone/organoclay nanocomposites which had abbreviations of PSFH 1-3 and PSFB 1-3 were prepared using a solution casting technique at room temperature using chloroform as a solvent. PSFH 1-3 and PSFB 1-3 referred to polysulfone-based halloysite and bentonite in their unmodified and modified forms. Chemical modification of both types was carried out using tetraethylammonium chloride and hexadecyltributylphosphonium bromide, respectively. The final products were produced with different compositions based on the variable loading of modified organoclay. The impacts of the modified fillers on the morphological, thermal, and mechanical properties of the nanocomposites were investigated. A pure polysulfone (PSF) membrane was prepared as a reference. The prepared PSF/organoclay nanocomposite membranes (PSFH 1-3 , PSFB 1-3 ) were characterized with the aid of FT-IR spectroscopy, SEM, X-ray diffraction, and TGA techniques. The results demonstrated that the impact of the organoclay on the main features of the polysulfone was remarkable and that the incorporation of organic cations alters the thermal stability of polysulfone. X-ray diffraction patterns revealed the formation of intercalated 
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The present work is dealing with the preparation and characterization of polysulfone-based organoclay nanocomposite materials via solution casting technique as promising breast anticancer agents. Different compositions of polysulfone and clay are utilized and the impact of such nanofillers on the morphological, thermal as well as mechanical properties has been investigated in detail. The desired products show good antibacterial activities against both Gram-negative as well as Gram-positive types. Moreover, it shows promising results as a breast anticancer agent through in vitro cytotoxic activity against one human cell line.
Introduction
Membrane technology is presently overrun in various industrial fields, such as food, chemical, automotive, electronic, and other important industrial processes (1) (2) (3) . Fouling issues are an obstacle associated with membrane infiltration used in wastewater treatment. This weakness can lead to problems in separation process efficiency and to frequent maintenance of membrane operations (4) . Much research has been performed to overcome this problem. Several methods have been developed to modify membranes to improve membrane performance, including the development of composite membranes via interfacial polymerization (5), UV-initiated grafting (6) , plasma treatment (7) , and the incorporation of nanoparticles or antifouling agents (8, 9) . In recent years, research has aimed to produce polymer nanocomposite membranes with enhanced performance for different applications. The use of clay in polymer clay nanocomposite (PCN) technology can be considered an important technique because adding very low clay contents (<10 mass% clay) to the polymers enhances several properties, such as the mechanical, thermal, optical, electric, flammability, and barrier properties (3, 10, 11) . Halloysites and bentonites are widely used in many industrial applications. Their natural abundance, low-cost, high cation exchange capacity (CEC), swelling behaviors, adsorption properties, and large surface area are the driving force behind their widespread use (12) . Halloysite has the same theoretical chemical composition as kaolinite but has a higher water content. The unit formula for halloysite can be expressed as Al 2 Si 2 O 5 (OH) 4 These hydrophilic clays need to be modified prior to their introduction into most organophilic (hydrophobic) polymer matrices by ion exchange processing. The interlayer accessible compensating cations can be exchanged with a wide variety of hydrated inorganic or organic cations including those of amines or quaternary ammonium salts such as oxonium, sulfonium, and phosphonium ions (15) .
Polysulfone (PSF) is one of the most important membrane materials due to its good mechanical, thermal, and chemical stabilities, good oxidation resistance, and durable mechanical strength (16) . Several studies have reported that polysulfone nanocomposites increased modulus, tensile strength, and thermal stability and decreased permeability (10, 17) . However, traditional PSF membranes are very easily attacked by bacteria and cause membrane biofouling. Biofouling results in a quick decrease in membrane flux, so many published works have focused on polysulfone nanocomposite membranes (18, 19) . The most common methods used in PCN technology are in situ polymerization, melt intercalation, and solution dispersion (20) . In the latter method, the clay mineral is exfoliated in single layers in a solvent medium and polymer chains, which are solubilized in this solvent, and are intercalated into these clay mineral layers. The clay mineral platelets are joined by weak Van der Waals forces and can easily be dispersed in the solvent due to the increase in entropy caused by their disorganization. The polymer is then adsorbed onto the delaminated clay mineral layers and, when the solvent is evaporated, the layers are reassembled and filled with polymer chains, forming an intercalated nanocomposite (21-23). Polymer clay nanocomposite properties depend on the https://doi.org/10.1080/23312009.2017. 1417672 nature of their components (-layer silicate, organic cation, and polymer matrix), morphology, and the preparation method. Furthermore, surfactant coverage on the clay's surface is also an important factor for controlling the morphology of the nanocomposies (10, 17, 21, 24, 25) .
Polymeric nanoparticles have many advantages, including low toxicity and high stability. Several drugs formulated in polymeric micelles have been used in clinical trial development for the treatment of various cancers. For example, a chitosan and silver nanocomposite were studied with the A549 lung cancer cell line. A significant IC 50 value of 29.35 μg ml −1 was obtained. The synergistic effects of chitosan and silver as a composite at a nanometric size exhibited a maximum of 95.56% inhibition at 100 μg ml −1 , resulting in potent anticancer activity (26) . Another example incorporating chitin nanoparticles with a metallic nanostructure was highly active toward cancerous cells (27) . The application of polymer nanocomposites could be used for the development of novel anticancer therapeutics and may provide a potential platform for cancer management. The aim of this work was to prepare the PSF clay nanocomposite membranes with different types of nanoclay. The types of nanoclay, halloysites and bentonites, were modified by alkyl ammonium or phosphonium salt to decrease the hydrophilicity of the mineral clay. Various characteristics of the prepared nanocomposite membranes were studied using FTIR, XRD, TEM, and TGA techniques to investigate the effect of the clay's surface coverage on the morphology and mechanical properties of these nanocomposites.
Experimental

Materials
Polysulfone pellets were supplied by ACROS ORGANICS CO; the M.W. was 60,000 g/mol. Chloroform served as a polymer solvent. Two types of nanoclay (halloysite and bentonite) were modified by tetraethylammonium chloride and hexadecyltributylphosphonium bromide salts and all of the materials required for the modification were obtained from the Sigma-Aldrich Company. All chemicals were used as received without any further purification.
Chemical modifications of the clay
The two types of nanoclay were modified by ion exchange reactions between the nanoclay and two different surfactants, namely, tetraethylammonium chloride and hexdecyltributylphosphonium bromide. A salt solution was heated at 50-80°C for one hour. A hot aqueous suspension of the clay (5 g + 400 ml) was added to the salt solution, and the mixture was stirred for 4 h at 70°C. The cationexchanged silicates were collected by filtration and subsequently washed with a mixture of hot ethanol and distilled water until a silver nitrate (1 M) test indicated the absence of halide anions. The filter cake was dried at room temperature, ground, and further dried at 70-80°C under vacuum for at least 24 h (28-30).
Synthesis of polysulfone/organoclay nanocomposites
The desired nanocomposite membranes were prepared using a solution dispersion technique in the presence of chloroform as a solvent. Polysulfone was dissolved in a suitable amount of chloroform (25 ml) under constant stirring at room temperature. Then, 5 wt% of an individual organoclay was also dissolved in a small amount of chloroform (5 ml). This solution was sonicated in a water bath until a clear homogenous suspension was obtained. The desired PSF/organoclay composites were obtained by mixing both solutions and stirring the organoclay solution in PSF solution for 15 min. The resulting solution was poured into a glass blade (mold); evaporation of the CH 3 Cl yielded homogenous films (25 μm thick) (17, 24, 31, 32) . Components of our prepared polysulfone/organoclay nanocomposite membranes are illustrated in Table 1 .
Antimicrobial evaluation
The antimicrobial activity of the membranes was tested against four standard bacteria strains and one fungus that were obtained from the microbiology laboratory at the King Abdulaziz University Hospital, Jeddah, KSA. These strains included the Gram-positive bacteria Staphylococcus aureus ATCC 29213 and Bacillus subtilis ATCC 6633, the Gram-negative bacteria Escherichia coli ATCC 35218
and Pseudomonas aeruginosa ATCC 27853, and the fungus Candida albicans ATCC 76615. Preliminary screening of the antibacterial and antifungal activities was conducted using an agar diffusion technique as described previously (33) . Briefly, Petri dishes (90 mm) were filled with 25-ml Muller-Hinton agar (Oxoid, UK). The 200 μL bacterial cultures (1 × 10 5 CFU/ml) adjusted with 0.5 McFarland standard Vitek colourimeter were pipetted onto agar plates and then spread using an aseptically sterile swab. The strains were inoculated separately. Membranes with 7.0 mm in diameter were placed on agar plates after being autoclaved for 30 min and DMF, ceftizoxime (30 μg), amoxicillin/clavulanic acid (20/10 μg), and nystatin (10 μg) discs were used as negative and positive controls. The dishes were incubated for 48 h at 37°C. Inhibitory activity was defined as the absence of bacterial growth in the area surrounding the holes. The inhibition zone was measured using a caliper.
In vitro cytotoxic screening
The samples were tested for their in vitro cytotoxic activity against a human breast cancer cell line (MCF7 ATCC ® HTB-22™) that was purchased from King Fahd Research Center, Jeddah, KSA.
Cells
Stock cultures were grown in T-75 flasks containing 10 ml of RPMI-1640 medium supplemented with glutamine, bicarbonate, and 10% fetal bovine serum (Gibco, USA). The medium was changed every two days and cells were detached using a solution of 0.25% trypsin-EDTA (Gibco, USA) and then plated in 96-well sterile microtiter plates containing 100 μL RPMI per well at densities of 30,000-100,000 cells per well. Each sample was routinely tested at serial twofold dilutions starting at the upper limit of 100 mg/ml. DMF and doxorubicin (IC50 = 0.41 μM) were used as negative and positive controls, respectively. The culture was incubated for 48 h at 37°C in the presence of 5% CO 2 . The percentage growth inhibition (IC50) was calculated with the following equation: (OD control wells-OD treated wells)/(OD control wells).
Cell fixation
The cultures were washed with phosphate buffered saline prior to fixation to remove serum proteins that commonly cause cell detachment and loss. The culture was then fixed with cold 50% trichloroacetic acid (TCA) (BDH Chemical Ltd., England) and maintained at 4°C for 1 h. Following fixation, the cells were stained with Sulforhodamine B stain.
Dyes
Sulforhodamine B (SRB 0.4% in 1% acetic acid, w/v) (Sigma-Aldrich, USA) was used in this study, as mentioned previously by Skehan et al. (34) , for 30 min. After staining, the cells were washed three times with 1% acetic acid solution to remove unbound dye and then air-dried. Bound dye was solubilized with 10 mM Tris buffer (pH 10.5) for 15 min and the optical density (OD) of both treated and untreated cells was read on an automated spectrophotometric plate reader (ELx808, BioTek, Fisher Scientific, USA) at a wavelength of 490 nm. 
Instrumentation
The nanocomposite structure was also studied by Fourier transform infrared spectroscopy (FT-IR) in the region from 4,000 to 400 cm −1
. FT-IR spectroscopic analysis was performed using a JASCO model FT-IR 310 spectrophotometer. Wide-angle X-ray diffraction (WAX-RD) patterns of the nanocomposite membranes were obtained using a Rigaku X-ray diffractometer under the following conditions: 40 kV-30 mA; CuKα radiation (λ = 0.154 nm); and at a rate of 0.6°/min in the range from 1.5 to 25° (2θ). To ensure that the polymer chains and no water molecules were intercalated between the clay mineral platelets, the membranes were calcinated in a reducing atmosphere up to 300°C with a heating rate of 5°C/min, maintaining the temperature at 300°C for 5 min before cooling to room temperature. Subsequently, calcinated membrane SAXRD patterns were also obtained. The thermal properties were investigated using a Shimadzu Thermal Analyzer. Polymer samples of approximately 10 mg were heated from 0 to 800°C with a scan rate of 10.0°C/min in an air atmosphere. Scanning electron microscopy (SEM) images were collected using a Quanta 600 FEG with a 20 kV voltage. The surfaces were sputter-coated with gold with a Bal-tec SCD 050 metallizer to make the surface conductive. According to an ASTM D882-02 standard, an Instron Model 5567 tensile strength measuring machine was used at room temperature with a crosshead speed of 50 mm min −1 to determine the tensile strength of the samples.
Results and discussion
The present work focuses on the fabrication and characterization of polysulfone-based organoclay nanocomposite materials (PSFH 1-3 , PSFB 1-3 ) via a solution casting technique as promising breast anticancer agents. Prior to fabrication, organoclays (halloysite and bentonite) were chemically modified by treatment with surfactant. Both types were subject to chemical modification by ammonium and phosphonium surfactant. Different compositions of polysulfone and organoclay were used to investigate the role of these nanofillers on the morphological, thermal, and mechanical properties. The desired products showed good antibacterial activities against both Gram-negative and Grampositive bacteria. Moreover, the nanocomposites showed promising results as breast anticancer agents due to their in vitro cytotoxic activity against one human cell line.
Nanocomposite membrane characterization
Various characterization methods were used to identify and characterize pure PSF, PSFH 1-3 , andPS-FB 1-3 , including FT-IR, XRD, SEM, thermal analysis, and mechanical properties.
FT-IR was used to examine the extent of the interaction between clay and the polymer matrix. The common features of organoclays were clearly observed from the FT-IR spectra Figures 1 and 2 . The FT-IR results showed the appearance of characteristic absorption bands at 3,600 and 1,039 cm −1 due to the -OH stretching of water and Si-O stretching, respectively, and Al-OH at 918 cm −1 (35, 36) . Furthermore, the characteristic vibration bands of pure PSF were confirmed and assigned at 1,157 cm −1 (symmetric sulfone stretching), 1,240 cm −1 (aromatic ether), 1,323 cm −1 (asymmetric sulfone linkage), 3,000 ≈ 3,100 cm −1 (aromatic CH stretching), and 2,900 cm −1 (aliphatic CH 3 stretching) (31). All the peaks observed for PSF nanocomposites remained the same as those for pure PSF. These results also showed that there were no major chemical or structural changes in the PSF nanocomposites due to the presence of organoclay (37) . In all of the nanocomposite membranes, the band related to isopropylidene unit methyl group C-H stretching diminished, suggesting that this part of the PSF molecule displayed restricted movement in the nanocomposite structures due to the clay contents, which restricted PSF chain vibration (38) . All the bands had high intensities; however, PSFH 3 had low intensities, indicating the good interfacial adhesion between PSF and the organoclay. These results revealed that the phosphonium surfactant's long alkyl chains were more easily and deeply diffused into the halloysite interlayer than with the bentonites which contained obstructive water molecules (35, 39) . Moreover, no regular behavior was present in relation to the intensities of the PSF bands and the type of clay (17) .
XRD was utilized to determine the dispersion of the clay mineral inside the polymer. Figures 3 and  4 show a series of X-ray diffraction patterns for pure PSF and the PSF/clay nanocomposites PSFH 1-3 & PSFB 1-3, respectively. XRD plots of halloysite show the presence of halloysite (H), kaolinite (K), quartz (Q), and anatase (A). The major phase in bentonite is montmorillonite (M) and other minor phases are kaolinite (K), quartz (Q), and illite (I). Figures 4 and 5 also show a significant shift in the characteristic peaks for halloysite (at 2θ = 12°) and montmorillonite (at 2θ = 6°) upon formation of the composite materials. The peaks shifted to the higher values when mixed with PSF, which confirms that PSF chains are intercalated between the clay layers. More particularly, the halloysite and bentonite clay peaks (2θ = 22°) shifted to lower values when mixed with PSF, which confirms that PSF chains are intercalated between the clay layers. All the other peaks for pure PSF and the PSF/clay nanocomposites appear in the same position (2θ = 18°). Although intercalation was successful with ammonium and phosphonium surfactants, only PSFH 2 formed an exfoliation structure, PSFB 2 and PSFB 3 displayed exfoliation, and PSFH 3 displayed intercalation. This was due to the presence of water molecules in the bentonite gallery interlayers, which decreased the cation exchange processing and led to either a lower alkyl phosphonium surfactant packing density or a higher alkyl phosphonium chain conformational disorder within the bentonite layers (14, 21, 35) . These data are in accordance with those found in the FT-IR data. SEM imaging was performed to ascertain the dispersion of the clays in the PSF matrix. Figure 5(a) shows that the homogenous surface of pure PSF is smooth. The addition of the unmodified clay (PSFH 1 , and PSFB 1 ) is spread randomly and homogeneously on the whole surface, Figure 5 (b) and (e). Moreover, the clay particles are closer to each other and display poor interfacial adhesion between PSF and platelets due to their incompatibility. Figure 5(c), (d), (f) , and (g) shows that the spaces between the modified clay particles (PSFH 2 , PSFH 3 , PSFB 2, and PSFB 3 ) are increased due to the presence of alkyl groups. Moreover, the images of (PSFH 2 , PSFH 3 , PSFB 2, and PSFB 3 ) indicated that the top surfaces of the clay particles are pale due to increase in the hydrophobicity property and the good compatibility between the PSF and organoclay layers (10) . Moreover, the clay layers are separated in the continuous polymer matrix by an average distance that depends on modified clay loading.
Thermal analysis was performed to investigate the effects of clay on the thermal stability of the PSF/clay nanocomposite materials. Figure 6 shows the TGA curves for pure PSF and its corresponding nanocomposite membranes. The TGA curves indicate that pure PSF, PSFH 1-3, and PSFB 1-3 are thermally degraded in three-stage mass loss events between 165 and 760°C. The thermal stability of the nanocomposite membranes is higher than that of pure PSF membrane (17) . The first mass loss is observed at approximately 165°C, which can be attributed to the removal of water, leading to a moderate improvement in the nanocomposite thermal stability. A significant increase in the initial degradation temperature is obviously observed. The second decomposition is observed at approximately 470°C, which is due to the extensive weight loss within the range from 470 to 550°C due to polysulfone degradation. After that, there is another range of slow weight loss till the end of the measurements at 760°C. Table 2 shows the nanocomposite degradation, maximum, and final temperatures and weight loss from 10 to 50% for all the samples. The data in Table 2 illustrate a moderate improvement in the thermal stability for all the nanocomposites. For example, at T 10 , pure PSF has the lowest value (240°C). The order of thermal stability at T 10 is as follows: PSF < PSFB 3 < PSFB 2 ~ PSFH 1 < PSFH 2 ~ PSFH 3 < PSFB 1 . Therefore, PSFB 1 was the highest thermal stability nanocomposite membrane. Even so, PSFB 1 also shows the best value at T 20 , T 30, and T 40 , but its value decreased at T 50 and CDT f . PSFB 3 had the highest value at CDT f . These behaviors are due to the presence of clay and the nanocomposite morphology that hindered efficient mass transfer. Therefore, the enhancement in the thermal stability could be explained by the barrier properties attributed to the clay mineral layers, which hampered the diffusion of oxygen molecules into the nanocomposites, as well as by the labyrinth effect of these layers dispersed in the PSF matrix, which delayed volatilization (10, 17) . 
PSF
The nanoclay-filled sample degradation temperatures are significantly shifted to higher temperatures. Additionally, the thermal stability of the modified/clay nanocomposites is better than the unmodified/clay, Figures 6 and 7 . The thermal behavior can be altered due to the low thermal stability of the surfactants (tetraalkyl-ammonium or hexaalkyl-phosphonium), which causes rapid polysulfone degradation, as in the case of PSFB 3 , or the same reasons cited in the XRD analysis; thus, it is consistent with the XRD and FT-IR results (14) .
The mechanical properties of the organoclay reinforced the PSF nanocomposites (PSFH 1-3 -PSFB [1] [2] [3] ). The neat PSF matrices were evaluated by tensile studies that included examining the tensile strain at break and the modulus of elasticity in tension. Polymers have a basic elasticity; the addition of nanoparticles made the elastic polymers more brittle due to pinning at the clay interaction sites, 
2 Theta as the deforming forces are then transferred to the nanoclay. The tensile strain at break is considered an essential measure of ductility and is related to the clay type. As evident from the test results reported in Table 3 and Figure 8 , pure PSF showed a percentage tensile strain at break of 28.16%, which decreased with the addition of clay. The tensile strain at break of the nanocomposite types (PSFH 1-3 ) was 9.20, 6 .88, and 12.02%, respectively. Also, the tensile strain at break of the nanocomposites types (PSFB 1-3 ) showed a large decrease in the tensile strength at break 4.29, 3.19, and 3.45%, respectively. Generally, the presence of clay in nanocomposites makes them more brittle, causing a decrease in the tensile strain at break. In contrast, at 5 wt% clay loading discontinuity in the form of bonding is present because of the poor adherence by the layered silicate to the polymer and the stress transfer at the clay/PSF interface becomes ineffective (10, 17) . Moreover, comparison of both types of polysulfone nanocomposites showed that PSFH 1-3 displayed higher tensile strength at break than PSFB [1] [2] [3] . This decrease in PSFB 1-3 nanocomposites could be explained by the presence of obstructive water molecules that weaken the interfacial adhesion between the PSF chains and silicate layers. PSFH 3 had the highest value among the nanocomposite membranes. This 
enhancement is due to the excellent clay matrix interfacial adhesion and its morphology, predominantly intercalated morphology, which was described by the XRD analysis. Pure PSF exhibited an optimum modulus of elasticity in tension of 76.33 MPa, which decreased significantly in the nanocomposite films and is primarily attributed to the presence of silicate layers, which imparted brittleness to the membranes. This phenomenon is probably due to the lack of proper dispersion by the nanocomposite membranes in PSF and the less favorable interaction between the clay and PSF matrix (40).
Antimicrobial properties
The antimicrobial ability of the membranes was tested, and the results are presented in Table 4 . The pure PSF membrane did not exhibit any significant antibacterial effects through many types of research (8, 41) . Therefore, the pure PSF membrane surface is not capable of killing bacteria and fungi. The PSFB 1 and PSFB 2 nanocomposite membranes exhibited antibacterial behaviors against both Gram-negative (Pseudomonas aeruginosa) and Gram-positive (Staphylococcus aureus) bacteria, showing zones around the discs. The radial diameters of the inhibiting zones are 10, 8, 9, and 8 mm.
Anticancer properties
The samples were also tested for their in vitro cytotoxic activity against one human cell line. The IC 50 of the PSFH 1-3 , PSFB 1-3 and pure polysulfone membrane samples was 2.9, 2.5, 2, 2.3, 4.5, 2, and 17.2 mg/ml against MCF7 cells, respectively. Figures 9 and 10 demonstrate the effects of PSFH 3 and PSFB 3 on MCF7 cell viability, which gave the best results compared to the remaining samples. Figure 9 (A), MCF7 cells grown as a control with DMF solvent, shows the characteristic monolayer of carcinoma cells, with standard features, including: increase in nuclear and cytoplasmic pleomorphism and nucleus sizes and cytoplasm ratios, highly irregular shaped cells (tadpole, caudate), irregular nucleus shapes, and hyperchromasia. In contrast, Figure 9 (B), MCF7 cells with a PSFH 3 addition, shows a decreased number of breast carcinoma cells and necrotic cells in suspension. Figure 9 (C), MCF7 cells with as PSFB 3 addition, shows a decreased number of breast carcinoma cells, cytoplasmic shrinkage, condensed chromatin, and stained fragments of decomposed cancer cells. 
Conclusion
PSF/clay nanocomposite membranes have been fabricated using a solution casting technique. Two types of organo/clay are employed as fillers in this study, halloysite and bentonite. The properties of all the products were compared to that of pristine PSF membranes. The FT-IR patterns showed that there were no chemical or structural changes in the PSF/organoclay nanocomposite membranes. The uneven interfacial adhesion between the different membranes enhanced the membranes except for PSFB 3 . XRD patterns demonstrated that nanocomposite membranes presented both intercalated and exfoliated morphologies. The PSFH 3 form showed intercalation in comparison to PSFH 1 and PSFH 2 . The PSFB 3 form showed exfoliation in comparison to PSFB 1 and PSFB 2 . SEM images of the surfaces depicted the homogeneity and compatibility between PSF and the organoclay. The thermal stability of the nanocomposite membranes is higher than pure PSF. The order of thermal stability at T 10 is as follows: PSF < PSFB 3 < PSFB 2 ~ PSFH 1 < PSFH 2 ~ PSFH 3 < PSFB 1 . The tensile strain at break and modulus of elasticity in tension is optimal for pure PSF compared to its nanocomposite membranes. PSFB 1 and PSFB 2 show good antibacterial against both Gram-negative (P. aeruginosa) and Grampositive (S. aureus) bacteria. The radial diameters of the inhibition zones were 10, 8, 9, and 8 mm. Thus, both PSFH 3 and PSFB 3 have promising anticancer activities. 
